Introduction

54
[2] The horizontal components of a broadband seismo-55 graph are highly sensitive to tilt, since even very small 56 changes in tilt affect the way that the acceleration of gravity 57 is resolved by the horizontal components [Rodgers, 1968] .
58
The contribution of tilt to the output of a typical broadband 59 velocity force-feedback seismograph increases with period 60 [Wielandt and Forbriger, 1999] 97 on May 10, and volcano-tectonic (VT) events became 98 nearly continuous at 06:20. The initial eruption was not 99 observed since the island was uninhabited at the time, and 100 the first detailed visual reports are from the seismograph 101 installation team in the region aboard a small ship. 102 However, the Volcanic Ash Advisory Council estimates 103 the eruption time at 07:30. Long-period (LP) events and 104 harmonic tremor did not occur during the first few hours, 105 but these commenced at about 09:00. The eruption plume 106 extended to heights of 10-13 km and the eruption had a 107 volcanic explosivity index (VEI) of between 2 and 3. The 108 initial eruption was largely a phreatic eruption, containing 109 a high volume of a free vapor phase gas atop the column 110 of magma [Pallister et al., 2005] . A complete report on the 111 seismicity associated with the eruption is given by [Pozgay 112 et al., 2005] .
113
[5] Here we discuss an unusual long-period seismic 114 signal observed on the horizontal component of the broad-115 band seismograph at the same time as the eruption. We 116 interpret this signal as a tilt signal induced by the inflation 117 and subsequent deflation of the volcano.
118 2. The Tilt Signal
119
[6] A large, ultra-long period signal is observed on the 120 E-W component beginning at about 06:20 GMT (Figure 2 ). 121 The signal is much larger than the diurnal signal, which 122 probably results from daily temperature cycling, and no 123 similar signals are observed in the following months. A 124 smaller signal is also present on the N-S component, but 125 there is no signal on the vertical component, suggesting that 126 the signal results from E-W tilt, approximately radial to the 127 active crater.
128
[7] The tilt in radians [Q(t)] can be obtained from the 129 output of a horizontal broadband seismograph using:
131 where a X (t) is the apparent ground acceleration from the 132 seismic record and g is the acceleration of gravity [Weilandt 133 and Forbriger, 1999] . The tilt is defined as positive when it 134 is downward in the positive x direction. We deconvolved 135 the signal to acceleration in the passband of 500-50,000 s 167 The deflation period from 11:00 -17:00 corresponds to a 168 minimum in the occurrence of VT events due to the 169 depressurization, and the resumption of minor inflation at 170 17:50 corresponds with another peak in VT activity. (Q) at a distance r is given by [Mogi, 1958; McTigue, 1987] :
182 Figure 5a shows the calculation of tilt at the distance of the
183
Anatahan seismograph (7 km) for different source depths.
184
Significant tilt on the order of that observed is generated for sources generally produce only small amounts of tilt.
192
[10] The minimum injection volume required to generate 193 the tilt, assuming the optimum source depth (3.5 km, ref. 
